We studied the production of single charginoχ ± 1 accompanied by µ ∓ lepton via gluon-gluon fusion at the LHC. The numerical analysis of their production rates is carried out in the mSUGRA scenario with some typical parameter sets. The results show that the cross sections of theχ ± 1 µ ∓ productions via gluon-gluon collision are in the order of 1 ∼ 10 2 femto barn quantitatively at the CERN LHC, and can be competitive with production mechanism via quark-antiquark annihilation process. PACS: 13.88.+e, 13.65.+i, 14.80.Dq, 14.65.-q, 14.80.Gt * Supported by National Natural Science Foundation of China.
I Introduction
Over the past years intensive investigations into the new physics beyond the standard model (SM) has been undertaken [1] . As the simplest extension of the SM, the supersymmetric model (SUSY) is the most attractive one. In general extended models of the SM, electroweak gauge invariance forbids terms in the SM Lagrangian that change either baryon number or lepton number, such terms are allowed in the most general supersymmetric (SUSY) extension of the SM, but they may lead to an unacceptable short proton lifetime, One way to evade the proton-decay problem is to impose a discrete symmetry conservation called R-parity (R p ) conservation. In this case, all supersymmetric partner particles must be pair-produced, thus the lightest of superparticles must be stable.
The R-parity violation (/ R p ) implies either lepton number or baryon number being broken, and it will change the feature of the SUSY models a lot. Due to the lack of experimental tests for R p conservation, the R p violation case is also equally well motivated in the supersymmetric extension of the SM. SUSY models with / R p can provide many interesting phenomena. Recently there are some investigations on the signal on R p violation [2] [3] [4] , because of experimentally observed discrepancies.
In the last few years, many efforts were made to find / R p interactions in experiments.
Unfortunately, up to now we have only some upper limits on / R p parameters, such as B-violating / R p parameters (λ ) and L-violating / R p parameters(λ and λ ) [4] [5] [6] (The parameters will be defined clearly in the following sector). Therefore, trying to find the signal of R p violation or getting more stringent constraints on the parameters in future experiments, is a promising task. The popular way to find a R p violation signal is to detect the decay of the lightest supersymmetric particle(LSP) [4] [6] [7] , but it is difficult experimentally especially at hadron colliders. The best signal for / R p at the CERN Large
Hadron Collider (LHC) is the resonant sneutrino production through a λ or a λ coupling constant, respectively [8] . Because the c.m.s energy continuous distribution of the colliding partons inside protons at the hadron colliders, a intermediate resonance can be probed over a rather wide mass range. Then a single chargino can be produced by the sneutrino decays, which can be measured through the detection of its three-leptons signature.
There are two mechanisms at parton level to produceχ
violating SUSY theory at pp colliders. One is via quark and antiquark (qq(q = u, d))
annihilation which is allowed at tree-level. The single lightest chargino production at the LHC as induced by the resonant sneutrino production pp →→ν µ →χ ± 1 µ ∓ was studied by G. Moreau et.al. [8] . Another mechanism is via gluon-gluon fusion. The single lightest chargino production process via gluon-gluon fusion, which will take place at the lowest order by one-loop diagrams, could be also significant due to large gluon luminosity in distribution function of proton.
In this paper, we investigate the resonant sneutrino particle production via gluongluon fusion at the LHC operating at the energy of 14 T eV . We arrange this paper as follows. In Sec.II we present the analytical calculations of both subprocess and parent process. In Sec.III we give some numerical presentations in the MSSM and the minimal supergravity (mSUGRA) scenario [9] , and discuss these numerical results. The conclusions are contained in Sec.IV. Finally some notations used in this paper, the explicit expressions of the form factors induced by the loop diagrams are collected in Appendix.
II The Calculation of pp
The R-parity of a particle is defined as R p = (−1) 2S+3B+L [10] , where S is the spin quantum number of the particle, L the lepton number and B the baryon number. The minimal supersymmetric model (MSSM) does not contain the most general superpotential respecting to the gauge symmetries of the SM, which includes bilinear and trilinear terms, which can be expressed as
where L i , Q i are the SU(2) doublet lepton and quark fields, E i ,U i ,D i are the singlet superfields. The UDD couplings violate baryon number while the other three sets violate lepton number. We shall explicitly forbid the UDD interactions as an economical way to avoid unacceptable rapid proton decay [11] , and the term of LLE have no contribution to our process pp → gg →χ + 1 µ − + X, we shall not discuss them too. In this work we ignored the bilinear terms that mix lepton and Higgs superfields [3] for simplicity, because its effects are small in our process.
Expanding the superfield components in Eq.(2.1) we obtain the interaction Lagrangian that contains quarks and leptons:
The subprocess gg →χ ± 1 µ ∓ can only be produced through one-loop diagram in the lowest order. In this case it is not necessary to consider the renormalization. The generic Feynman diagrams contributing to the subprocess in the MSSM without R-parity at one-loop level are depicted in Fig.1 , where the exchange of incoming gluons in Fig.1(a.1 ∼ 3) and Fig.1 (c.1, 2) are not shown. We divide all the one-loop diagrams in Fig.1 into three groups: (1) box diagrams shown in Fig.1(a) , (2) quartic interaction diagrams in Fig.1(b) , (3) triangle diagrams shown in Fig.1 
where p 1 and p 2 denote the four momenta of the incoming gluons, k 1 , k 2 denote the four momenta of the outgoing chargino and µ − lepton respectively, and α, β are color indices of the colliding gluons.
The corresponding matrix element of Feynman diagrams in Fig.1 , can be written as
where M b , M q , and M tr are the matrix elements contributed by box, quartic and triangle interaction diagrams, respectively. The cross section for this subprocess at one loop order in unpolarized gluon collisions can be obtained bŷ
In above equation,t is the momentum transfer squared from one of the incoming gluons to the charged boson in the final state, and
The bar over the sum means average over initial spin and color.
With the results from Eq.(2.4), we can easily obtain the total cross section at pp collider by folding the cross section of subprocessσ(gg →χ + 1 µ − ) with the gluon luminosity.
σ(s, pp → gg →χ
where √ s and √ŝ are the pp and gg c.m.s. energies respectively and dL gg /dτ is the distribution function of gluon luminosity, which is defined as
here τ = x 1 x 2 , the definition of x 1 and x 2 are from [14] , and in our calculation we adopt the MRS set G parton distribution function [15] . The factorization scale Q was chosen as the average of the final particles masses
III Numerical results and discussions
In this section, we present some numerical results of the total cross section from the complete one-loop diagrams for the processes pp → gg →χ 
where α s (m Z ) = 0.117 and n f is the number of active flavors at energy scale µ.
The cross sections forχ is about 104 GeV .
In Fig.3 we present the cross sections ofχ are depicted in Fig.4 . The solid line is for µ > 0, and the dashed line is for µ < 0. The discrepancy between these two curves is not very large. This feature can be seen also in the corresponding curves in Fig.2 and Fig.3 . It shows that the production rate of process pp → gg →χ ± 1 µ ∓ + X is not very sensitive to the sign of parameter µ.
Finally, we will discuss the relationship between the cross section and the parameter λ ijk . The cross section ofχ + 1 µ − production viaannihilation is scaled by λ 2 211 . While the cross section via gg should take the sum of three generation of (s)quarks loop, but the main contribution to the cross section is from the third generation for the coupling coefficient of the third generation is much larger than the first and second generation, then the cross section is nearly proportional to the λ 2 233 . If λ 233 is less than 0.18, The cross section via gg will be less than 3.5 femto barn, in this case, compared with the process ofannihilation, it can be neglected. But if λ 233 is larger than the value we discussed, the process via gg will play a more important rule in pp collision. In fact, the maximal possible cross section could be somewhat higher than indicated in fig.3 , because the upper bounds of R-parity violation couplings can be higher for heavy sparticls.
IV Summary
In this paper, we have studied the production of single charginoχ The Feynman rules for the couplings we used are list below:
Where C ic the charge conjugation operator, P L,R = 
where A d is the soft breaking parameter. The amplitude parts for the u-channel box and triangle vertex interaction diagrams can be obtained from the t-channel's by doing exchanges as shown below:
So we present only the t-channel form factors for box and triangle diagrams. The form factors for the figures with loop of U quark andD squark in Fig.1(a,b) , can be obtained from the form factors corresponding to the figures with loop of D quark and U squark in Fig.1(a.1) , (b.1) by doing the replacement of
Since the form factors of figures with the first or second generation quark and squark loop are analogous to corresponding ones with the third generation quark and squark loop, here we give only the form factors for the figures in Fig.1(a) ,(b) including the third generation quark and squark loop. In this appendix, we use the notations defined below for abbreviation:
The form factors in the amplitude of the quartic interaction diagrams Fig.1(b) and are expressed as
The form factors in the amplitude from the t-channel triangle diagrams depicted in fig.1 (c) are list below:
The form factors of the amplitude part from t-channel box diagrams, Fig.1 (a) are written as 
